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ABSTRACT
The purpose of th is  study w as to propose a n d  evaluate a new  
procedure for hearing aid  prescrip tion . T his procedure w a s  based  upon 
th e  development of a new instrum ent, a Speech  R eception A nalyzer, 
w hich permitted the measurements of a p a t ie n t 's  ab ility  to  understand 
speech  by various frequency response se ttin g s  ty p ic a l of commercial 
hearing a id s .
Adults with hearing lo sses  su ffic ien tly  sev ere  to w arrant th e  use 
of a  hearing aid were se lec ted  a s  su b je c ts . Pure tone a ir  and bone 
conduction thresholds were obtained for e a ch  subj e c t by standard  
audiom etric procedures. Speech recep tion  th resho lds w ere  a s se sse d  
for each subject by use of a flat frequency resp o n se  curve of the 
Analyzer. Spondiac words were employed in  th is th resh o ld  te s t .
F ifteen articulation  te s ts  each com prised o f fifty m onosyllabic p h o ­
n e tic a lly  balanced words were adm in istered  to e a c h  of th e  su b jec ts , 
one te s t  for each of the fifteen frequency re sp o n se  se ttin g s typ ica l of 
hearing a id s .
Comparisons were made of the  data a tta in ed  through the t e s t  
procedures to  enable evaluation of the u ti l i ty  of t h e  Speech Reception 
A nalyzer. Results of th is  evaluation in d ic a te  th a t th e  Speech Reception 
Analyzer is  quite effective for p rescrip tions to p a tien ts  w ith  mixed and
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percep tive hearing lo s s e s ,  and somewhat le s s  sign ifican t for patien ts 
w ith conductive hearing lo sses*  The Speech Reception Analyzer may 




At the presen t tim e, the methods and techniques used  in  prescrib  
ing and fitting hearing aids vary considerab ly . No single procedure of 
hearing aid evaluation is  accepted  by a majority of aud io log ists and 
hearing aid  rep resen ta tiv es . Some of the  procedures introduced in  the  
formative years of the hearing aid industry are s t i l l  in  u s e . Although 
methods developed more recently  u tilize  information gained through 
experim entation and improved instrum entation, a need for b e tte r  pre­
scrip tion  techniques is  recognized by members of the hearing aid  
industry . At a conference conducted by the  industry in  A pril, 1959, 
a proposal w as made to  investiga te  the p o ssib ility  of constructing  a 
m aster hearing a id , (23) (1)
THE PROBLEM
Statem ent of problem. The purpose of th is  study is  to  propose 
and evaluate a new procedure for the  prescribing and fitting of hearing 
a id s . This procedure is  based  on the development of a speech  audi­
ometer which perm its the m easurements of a p a tien t's  ab ility  to  under­
stand speech by various frequency response se ttings ty p ica l of 
commercial hearing a id s . A vailable audiometric instrum ents do not 
permit th is  type of m easurem ent.
1
D elineation of problem . In the  developm ent of .this study the 
following procedural s tep s  w ere en tailed :
1. The an a ly sis  of frequency response ch a rac te ris tic s  of 
commercially av a ilab le  hearing a id s .
2 . The ca tegorization  of the  hearing aids into fifteen  c la s se s  
based  on ty p ica l frequency response cu rv es .
3 . The construction  of a  Speech Reception A nalyzer, an in ­
strument in  w hich filte red  c ircu its  w ere incorporated to  
provide for fifteen  sep ara te  frequency response curves 
represen tative  of com m ercial hearing a id s .
4 . The se lec tio n  and preparation of .te s t m aterials appropriate 
to  speech audiom etry,
5 . The screening and se lec tio n  of su b jec ts  w ith hearing lo sse s  
severe enough to  w arrant the u se  of a hearing a id .
6 . The finding of pure tone th re sh o ld s , and the adm inistration 
by use  of the Speech Reception Analyzer of speech reception 
threshold  te s ts  and speech  in te llig ib ility  t e s t s .
. CURRENT METHODS OF HEARING AID PRESCRIPTION
Subjective ev a lu a tio n s . The fitting of a hearing aid  by u se  of 
the  p a tien t’s personal re sp o n se s  to  auditory stim uli received  through 
the instrum ent constitu ted  th e  in itia l approach to  hearing aid prescrip ­
tio n . This method of fitting  is  s t i l l  u sed , the sub jective  techniques 
employed in  i t  are sim ple:
1* A tech n ic ian  asks h is  clien t to  "try" sev era l models*
2. C erta in  models seem unsatisfacto ry  and are re je c te d .
3 • The c lien t reaches a decision  in  favor of a p articu lar 
a id  w hich appears to  be most su ited  to  h is n e e d s .
Two p o ss ib le  short comings emerge from th is  approach:
1. P a tien ts  tend to  se lec t a hearing aid  w hich is  com fortable, 
or one w hich has a "good quality" ra ther th an  an in stru ­
ment wliich enhances the understanding of sp eech .
2 . As the  number of choices in c re ase , th e  p a tie n t 's  ab ility  
to  make sa tisfac to ry  discrim inations tend to  d im in ish .
M irrored audiogram s. The concept th a t the  b e s t response  curve 
for a hearing a id  is  the mirror image of the p a tie n t 's  audiogram gained 
prominence in  the  early period of hearing aid fitting  . The idea  s ti l l  
p rev a ils . As la te  as 1954, Fletcher (12) commented th a t the  mirrored 
audiogram is  th e  b e s t prescription for c a se s  of obstructive d ea fn e ss .
Formula p resc rip tio n s. Various formula methods proposed for 
hearing aid  p rescrip tion  are in  general u sag e . F letcher (12) has sug­
gested  a m athem atical formula based  on pure tone a ir conduction 
thresholds for s ix  frequencies (250, 500, 1000, 2000, 4000, 8000 cps); 
normal speech  lev e ls  for each frequency band? and to le ra tio n  lev e ls  far 
each frequency band . Through a w eighting of th e se  fac to rs , F le tch er 's  
formula provides an estim ation of the needed am plification for each 
frequency band to  bring the p a tien t's  hearing to  an adequate  level for 
the  understanding of speech .
Some hearing a id  m anufacturers dev ise the ir own formulas for 
f ittin g s . One such formula described  by Lybarger (17) represen ts an 
attem pt to  provide a  quan tita tive  method of arriving at a concise speci­
fica tion  for th e  aco u stica l ch a ra c te ris tic s  required of an instrum ent to  
meet th e  auditory needs of an  ind iv idual. An adequate saturation  output 
for th e  hearing  aid? i t s  e s se n tia l maximum gain; and the desired  slope 
of th e  resp o n se  curve are determ ined sep a ra te ly , through one of 
Lybarger1 s form ulas. In th is  formula consideration  is  given to  both 
the degree of hearing lo ss and the type of hearing lo s s .
O ther m anufacturers recommend a more generalized formula for 
fitting  a id s .  These recom m endations, published for the benefit of 
lo ca l hearing  aid ag e n ts , ta k e  several forms:
1. C harts w hich suggest p rescrip tion  of specific  models for 
ce rta in  "audiogram  types" of lo s s .
2 . M anuals w hich illu s tra te  screw  adjustm ents of a id s to 
amplify frequency bands for audiogram ty p e s .
3 . M anuals w hich dem onstrate different receiver in se rts  for 
audiogram ty p e s .
4 . Handbooks w hich instruc t agents how to use "complimentary 
fitting" (am plification of frequency bands involving residual 
hearing , and deliberate  suppression  of in tensity  for bands 
w ith  g rea tes t lo s s e s ) .
H earing C lin ic ev a lu a tio n s. Audiologic evaluations in  univer­
s ity  and h o sp ita l c lin ic s  ty p ica lly  include speech audiometric
exam inations to  determine speech recep tion  th resho lds and hearing 
discrim ination ability  a s  w ell a s  pure tone a ir and bone conduction 
t e s t s .  Some clin ics offer a more com plete d iagnostic  serv ice  and in ­
clude te s ts  for recruitm ent, speech ev a lu a tio n s , and psychological 
t e s t s .
Specific te s t  procedures u sed  in  hearing c lin ic s  often follow 
C arhart's  (3) recommendations w hich w ere b ased  upon te s ts  developed 
a t Deshon G eneral H ospital during W orld W ar IX. A battery  of t e s t s , 
each te s t  employs speech as the  te s t  medium, is  p resen ted  v ia loud­
speaker to  the  unaided patien t in  a sound trea ted  room. The te s ts  are 
presen ted  again  while th e  patien t w ears each of a se rie s  of hearing aids , 
se lec ted  on th e  b asis  of re su lts  obtained by pure tone audiom etry. The 
te s t  battery  includes:
1 . Speech th reshold  te s t s ,  u tiliz ing  spondee w o rd s, to  deter­
mine the amount of effective gain  required of an  instrum ent.
2 . Speech te s ts  a t conversational lev e ls  under no ise  cond itions.
3 . In te llig ib ility  t e s t s , employing phonetically  balanced  w ords, 
to  determine the  p a tien t 's  ab ility  to  understand speech and 
discrim inate speech d iffe ren ces .
4 . Speech to lerance te s ts  to  determ ine th e  p a tie n t 's  discomfort 
threshold  and to  ca lcu la te  d ifferences betw een  th e  p a tien t 's  
speech threshold  and to lerance th resh o ld .
From the re su lts  of th e se  te s ts  th e  s ta ff members of th e  hearing c lin ic  
p rescribe a hearing a id .
In addition to  the  above procedures many c lin ics  make use  of 
the  p a tien ts  sub jective  evaluation  of the hearing instrum ent to supple­
ment the  use of ob jective t e s t s .  This a sp ec t of p resen t day c lin ic  
procedure may have evolved from H edgecock 's (13) suggestion th a t 
the patien t ra te  th e  performance of each aid  a s  i t  is  te s te d .
T est m aterials used  a t hearing c lin ic s  for hearing aid  evaluation 
vary . A udiologists make ex tensive u se  of C .I .D . T es ts , Harvard BB 
L ists , and sim ilar m ateria l. These te s ts  have been  studied by Hudgins 
(15), H irsh (14) , Egan (11), and Corso (7) and are w ell v a lid a ted .
The lite ra tu re  contains many objections to  p rac tices currently 
follow ed by hearing c l in ic s . Carhart (4) ind icates th a t the  hearing 
c lin ic  should lim it i ts  se rv ices to  hearing aid  se lec tio n  of “problem" 
c a s e s .  H is conclusion , based  in  part on the Harvard Study (9), ex ­
periences of th e  hearing a id  industry , and .nhlitary programs of aural 
reh ab ilita tio n , points out th a t many patien ts receive sa tisfac tio n  from 
numerous in strum en ts. M iller (19) be lieves th a t hearing c lin ics should 
not make prescrip tion  for persons w ith conductive type lo s s e s .  This
conclusion  is  based  upon the following contentions:
«
1. That b a tte rie s  of speech  te s ts  add lit tle  information n e c e s ­
sary for fitting an  aid for conductive type d eafn ess .
2 . That most conductive problems can  be fitted  w ith a fla t 
frequency response instrum ent, or an aid  w ith  a  slightly  
rising  frequency resp o n se .
3 , That most hearing aid  rep resen ta tiv es  can  f it conductive type 
problems sa tis fac to rily .
Further ob jections to  hearing a id  eva luations performed by c lin ic s  
come from members of th e  hearing a id  in d u stry . M etcalf (18) s tre s se s  
the  need of com patible re la tionsh ips betw een hearing a id  audio logists 
and c lin ic a l au d io lo g is ts , bu t im plies th a t ce rta in  fa ce ts  of hearing 
c lin ic  p rescrip tion  techniques are not appropriate to  sa tisfac to ry  hear­
ing aid  ev a lu a tio n s. Mynders (20), a ce rtified  hearing aid aud io log ist, 
fee ls  th a t th e  fitting of a hearing aid  is  an a r t ,  not an  exact sc ie n c e . 
He b e liev es th a t hearing c lin ic s  should make th e ir  re ferra ls  to  a com­
peten t sa lesm an , w ithout a specific  p resc rip tio n . He fee ls  th a t the
t
procedures p resen tly  followed in  hearing c lin ic s  ten d  to  give to  th e  
public a m isconception th a t a ll types and makes of hearing instrum ents 
are  ava ilab le  a t a c lin ic . Many members of the  hearing a id  industry 
contend further th a t i t  is  im practical for hearing c lin ic s  to  fit hearing 
a id s . They c ite  the  following argum ents:
1 . Econom ically, no c lin ic  can  afford to  stock  p ile  a ll of the  
electronic devices m anufactured by hearing a id  com panies •
2 . The hearing aid  industry  cannot afford to  supply c lin ics 
w ith  a l l  makes and models of m anufactured a id s .
3 . The rep a ir, m aintenance, and checking of a id s  necessary  
to  a ssu re  proper performance cannot be handled  by c l in ic s .
4 . A c lin ic  cannot te s t  th e  perform ance of each  aid  w ith every 
person f itte d .
5 . C lin ical personnel cannot make an  unbiased se lec tio n  of aids 
for evaluation*
SCIENTIFIC RESEARCH FOR HEARING AID EVALUATION
The Harvard S tudy. During and immediately a fte r W orld W ar II/ 
th e  Army and Navy recognized  the need  for se tting  up equipm ent and 
procedures a t rehab ilita tion  hosp ita ls  for te s tin g  and fitting  aural 
c a su a litie s  w ith hearing d ev ices . C ontracts were arranged w ith Harvard 
U niversity  for research  and experim entation. One such con tract betw een 
th e  O ffice of S cien tific  Research and Development and th e  E lec tro - 
A coustic and Psycho-A coustic Laboratories of Harvard U niversity  
(C ontract OEMst658) resu lted  in the development of a  M aster Hearing 
Aid for research  p u rp o ses .
The instrum ent developed at Harvard U niversity  w as designed  to 
provide a  range of u se fu l output of a s  much a s  100 db w ith  a  se lec tio n  
of five sim ple frequency response ch a rac te ris tic s :
1 . fla t t  1 db from 100 cps to  7000 c p s .
2 . high p ass  6 db—rising a t a rate of 6 db per octave from 
200 cps to  7000 cp s .
3 . high p ass  12 db—rising a t a rate of 12 db per octave from 
200 cps to  7000 c p s .
4 . low p ass 6 db—frequency pattern falling a t a ra te  of 6 db 
per octave from 200 cps to  7000 c p s .
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5 . low p ass  12 db—frequency pattern  falling a t a ra te  of 12 db 
per octave from 200 cps to  3600 cp s .
W ith th is  Instrum ent th e  Harvard group te s te d  and studied eighteen 
su b je c ts . R esu lts of th is  in v estig a tio n  prompted th e se  conclusions!
1. R egard less of th e  nature of th e ir  particular defect/ most 
p a tien ts  h ea r b e s t w ith an  instrum ent which am plifies a ll 
frequencies uniformly/ or w ith  moderate em phasis of higher 
freq u en c ie s .
2 . No sim ple rule based  on  quality  or audiom etric measurements 
w ill  provide the correct prediction of the  frequency response 
pa tte rn  th a t  g ives the b e s t articu lation  scores for a l l  aurally
... handicapped  p erso n s.
3 . These ru le s  are about ninety  percent successfu l:
(a) U se th e  high p ass 6 pattern  for everyone.
(b) U se th e  high p ass 6 pattern  un less the quality of 
the f la t  pattern  is  preferred by the p a tien t.
(c) U se th e  fla t pattern  for a l l  patien ts w ith fla t or 
r is in g  audiogram s, and the  high p ass 6 for a ll 
th o se  w hose audiograms slope downward between 
250 c p s  and 4000 cps a t more than  2 db per 




Preliminary in v es tig a tio n . The In itia l step  in  th is  study w as the 
procurement of aco u s tic a l ch a ra c te ris tic  specifica tions of hearing a id s . 
These specifica tions included v a lida ted  d iscrip tions of frequency 
response cu rv es , aco u stic  g a in , output lev e l of sa tu ra tion , and re ­
ce iver c h a ra c te r is tic s . These data w ere obtained for th ree hundred 
different hearing a id s , or hearing a id  se ttin g s , from eighteen different 
com panies. A coustica l ch a ra c te ris tic s  for approxim ately ninety percent 
of com mercially ava ilab le  hearing a id s were represen ted  in  th is  study.
A nalysis of d a ta . To fac ilita te  com parisons of frequency 
response curves for each of th e  th ree  hundred fittin g s , each curve w as 
reproduced on standard  sem i-logarthm ic p aper. A nalysis of th e se  
curves revealed  the p o ss ib ility  th a t fifteen  general types of response 
curves could rep resen t a ll o f the hearing a ids s tu d ied . The following 
s tep s  were tak en  to  determ ine the frequency ch a rac te ris tic s  of each 
family curvet*
*For convenience in re feren ce , frequency response curves are 
grouped in to  c la s s e s  termed fam ilies . A frequency response curve 
rep resen tative  of a family i s  ca lled  a  family frequency response curve.
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1. Through inspection  of th e se  curves an in i t ia l  attem pt to  
draw each of th e  fifteen family curves w a s  m ade.
2 . Each hearing a id  response curve w as com pared w ith th e  
in itia l family curves for the purpose of curve assignm ents 
to  fam ilies .
3 . Each of the fifteen  fam ilies of response curves w as averaged 
to  finalize th e  family frequency response  c u rv e s . Averages 
were ca lcu la ted  for th e  400, 5 0 0 , 600, 800, 1000, 1200,
1500, 1800, 2000, 2500, 2700, 3000, 3500, and  4000 cycle 
frequencies.
4 . A com parison w as made between- the c a lcu la te d  family fre­
quency response curve and the family member response 
curves • Only four family member curves dev iated  from the 
family frequency response curves by more th an  5 db a t  a 
given frequency.
The acoustic  gain  and the output le v e l of sa tu ra tio n  for each  of 
th e  th ree hundred hearing aids w as  stud ied  from th e  standard ized  re ­
productions of frequency response curves drawn on sem i-logarithm ic 
paper.
From an a ly sis  of frequency response curves and o ther acoustic  
ch a rac te ris tic s  of hearing a id s, the  concept of d esign ing  a sing le 
instrum ent to  provide fifteen general ty p e s  of frequency response 
curves represen tative of approximately th ree  hundred hearing a id s
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appeared p lau sib le . Such an Instrum ent designed for hearing aid  
evaluation is  referred to  in th is  study as a Speech Reception A nalyzer.
SPEECH RECEPTION ANALYZER 
Block diagram . A block diagram  of th e  Speech Reception Analyzer 
is  shown in Figure 1. The e s se n tia l components of the Speech Reception 
Analyzer are:
1. AC power supply
2 . Pream plifier
3 . F ifteen  f ilte rs
4 . Function box
5 . O utput Amplifier
6 . H eadset.
Power supp ly . To assu re  adequate and equal distribution of 
current to  the  f i l te r s , th e  power supply w as bu ilt in  three se p a ra te , 
but l ik e , s e c tio n s . S ection  one supplied f ilte rs  1, 2 , 2,  4 , 5 , 6, 7 ,
8; sec tio n  two supplied  filte rs 9 , 10, 11, 12; and , section  three 
supplied filte rs  13, 14 , 15.
Pream plifier. The input am plifier w as a 20 w att W illiam son type 
power am plifier w ith a  frequency response  ch arac te ristic  of +0 to  -1 db 
from 20 to 20 ,000  cps a t  20 w att output w ith  a  to ta l harmonic distortion  
of 0 .3% .
Filter d e s ig n . Each of th e  fifteen  LC filte r networks w as designed 




Figure 1. A Block Diagram of the Speech Reception A nalyzer.
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frequency resp o n se  c u rv es .
To avoid any a lte ra tio n  of th e  frequency response curves th a t 
w ere bu ilt Into th e  amplifying system , sp e c ia l precautions were taken 
to  securely  lock In  p lace  a ll ad ju stab le  Inductors and control elem ents 
w ith a cem ent su b s tan ce . In g enera l, th e  frequency response charac­
te r is tic s  of each  of the  fifteen  curves is  a s  follow s:
1. F ilter one—3 db per octave rising  slope from 500 to  1000 
c p s , f la t from 1000 to  1500 c p s , 6 db per octave falling 
slope to  2500 c p s , cut off at 2500 c p s .
2 . F ilter tw o—fla t from 500 to  3000 c p s , cut off a t 3000 c p s .
3 . F ilte r th re e —fla t from 500 to  3500 c p s , cut off a t 3500 c p s .
4 . F ilter four—3 db per octave gradually falling slope from 500 
to  3000 cps-; cut off a t 4000 c p s .
5 . F ilte r f iv e—6 db per octave gradually rising  slope from 500 
to  2500 o p s, cut off a t 2500 c p s .
6 . F ilte r s ix — 6 db per octave gradually rising  slope from 500 
to  3000 c p s ; cu t off a t 3000 c p s . . .
7 . F ilte r sev en —9 db per octave gradually  rising slope frorif 500 
to  3000 c p s , cu t off a t 3000 c p s .
8 . F ilte r e igh t—gradually  rising  and gradually falling curve from 
500 to  2000 cps peaked a t 1000 c p s , cu t off a t 2000 c p s .
9 . F ilte r n in e—A bi-m odal curve peaked a t 1200 cps and 2700 
cps w ith primary peak a t 1200 c p s , cut off a t 2700 c p s .
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10, F ilter te n —A bi-m odal curve peaked a t 1200 cps and  2700 cps 
% w ith  primary peak a t 1200 cps (secondary peak is  of g reater 
am plitude than for f ilte r  n in e), cu t off a t 2700 cps*
11* F ilter e leven— 11 db per octave rising  slope from 500 cps to  
1500 c p s , e ssen tia lly  fla t from 1500 to  3000 c p s , cu t off a t 
3000 c p s .
12. F ilter tw elve— 12 db per octave ris ing  slope from 500 to  2000 
c p s , e ssen tia lly  fla t from 2000 to  3000 c p s , cut off a t 3000 
c p s .
13. F ilter th irteen— a bi-m odal curve peaked a t 1500 cps and 3000 
cps w ith primary peak a t 1500 c p s , cut off a t 3000 c p s .
14. F ilter fourteen— a . b i—modal curve peaked a t 1800 cps and 
3000 cps w ith primary peak a t 1800 c p s , cu t off a t  3000 o p s .
15. F ilter fifteen— a tri-m odal curve peaked a t 550 c p s ,  1500 c p s , 
and 2700 cps w ith  primary peak a t 1500 c p s , cut off a t 2700 
c p s .
Function box . To provide for any easy  se lec tio n  of f i l te r s ,  a  
function box w ith sw itch w as in se rted  betw een th e  filtering system  and 
th e  output am plifier. A J .B .T . M S-20-2 non-shorting  rotary type sw itch 
w as u se d .
Output am plifier. The output am plifier w as a  12 w att Bogen 
am plifier -  Model DB110 w ith  a frequency response  *  0.5 db from 15 
to  50,000 cps at ra ted  output w ith  a to ta l harmonic d isto rtion  of 0.65% .
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D ecibel M eter. A H ew litt-Packard -  M odel 40OH voltm eter w as 
in se rted  in  th e  output of the sy stem . The u se  of th is  meter enabled 
th e  in v estig a to r to  observe th e  function of th e  Speech Reception Analyzer 
throughout th e  te s t  procedure.
H ead se t. S pecial a tten tion  w as given to  the a ir conduction re ­
ce iv e r  to  be u sed  in  a sso c ia tio n  with th is  equipm ent. The output of 
se v e ra l rece ivers  w as m easured by means of an  A llison Laboratories 
Audiometer C alibrating  Unit M odel 300. T est tones w ere supplied by a 
H ickok-M odel 198 audio o s illa to r, and m easurements were made a t 
standard  freq u en c ies . From th e  receivers te s te d  a  Permoflux PDR-1 
w ith  a  frequency response ch a rac te ris tic  of £  0.5  db from 400 to  3500 
cps w as se le c te d  for u se  in th is  s tu d y , This earphone w as mounted in  t 
a  MX-41/AR type  cush ion . The ear no t under te s t  w as covered by a 
dummy rece iver mounted in th e  same type of cu sh io n . A measurement 
of th e  frequency response  curve of th e  Permoflux PDR-1 is  given in  
Figure 2.
Tuning th e  Speech Reception A nalyzer. An important a sp ec t of 
instrum entation  for th is  study involved an adjustm ent of the filters to  
provide appropriate in tensity  le v e ls . To represen t adequately hearing 
a id s , the f ilte rs  of th e  Speech Reception Analyzer w ere tuned to  allow 
proper output le v e l of sa tu ra tion  for d ifferent types of a id s . A com­
p ariso n  of th e  output level of sa tu ra tion  for th e  properly tuned fifteen 
f ilte r  c ircu its  i s  shown in  Figures 3 , 4 , 5 ; and 6.
I.K
F P e q u e  N c y  ( c y c / E S  P e r  S e l o n J )
Figure 2 . Frequency response curve of Permoflux PDR-1 receiver.
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SUBTECTS
S election  of s u b je c ts . Forty-five su b je c ts , tw en ty -th ree  fem ale 
and tw enty-tw o m a les , referred  to  th e  investigator by o to log ists  and 
hearing a id  sa lesm en , w ere se lec ted  for th is  study. The age range of 
the  su b jec ts  w as from th irteen  to eigh ty-one y ea rs . The mean age w as 
43 .4  y e a rs . All of the  sub jec ts  had been f itted  with a  hearing a id , or 
had been  advised  by a  physic ian  to  procure a n  a id .
TESTS
Pure tone th resho ld  t e s t s .  Pure tone a ir  and bone conduction 
th reshold  te s ts  w ere performed by standard audiom etric procedures to  
determ ine the su b je c t 's  type of deafness and to  se lec t the ea r u sed  for 
other t e s t s .  A ca lib ra ted  ADC-Model SCI c lin ica l audiom eter w as u sed  
as  the t e s t  instrum ent.
Each su b je c t 's  auditory deficiency w as c la ss ified  as co n d u c tiv e , 
p ercep tive , or mixed by audiogram an a ly s is . Conductive lo s s  w as d e ­
fined as a reduction of acu ity  by a ir conduction with bone conduction  
lo s se s  not g rea ter than  20 db (response for one frequency allow ed a s  
an  exception). Perception lo ss  w as defined a s  a reduction of acu ity  by 
both a ir and bone conduction with no more th an  15 db difference betw een  
the  two th resho lds for a g iven  frequency (an exception of one frequency 
allow ed). Mixed lo ss  w as defined a s  a reduction of acu ity  by both a ir  
and bone conduction w ith  difference betw een the two th resho lds g rea te r 
th an  15 db for each  frequency (an exception of one frequency allow ed) •
There w ere nine conductive , tw en ty -five  percep tiv e , and e leven  mixed 
deafness c a s e s .
For other te s ts  th e  aided  ear w as se lec ted  as th e  te s t  e a r. If 
a  b inaural aid w as worn by a  su b je c t/ ear se lec tio n  w as based  on the 
pure tone th reshold  te s t  r e s u lts .
ftpeeqh fecepjdon th resh o ld  t e s t . T est C .I .D .  W - 2 /L is t  E/ com­
posed o f th ir ty -s ix  spondee w ords w as used  to  determine speech recep ­
tion  th resh o ld s . Test words w ere recorded on tap e  by an adult male 
v o ice . Recording conditions and procedures w ere carefully  controlled 
as follow s:
1. The speaker recorded from an Industria l A coustics Company's 
Audiometric Testing Booth1—M odel 402.
2 . A sing le track  M agnecorder PT63-J tap e  recorded w as u sed .
3 . An Electro-V oice -  M odel 654 microphone matched in  im­
pedance w ith th e  tap e  recorder w as em ployed.
4 . The te s t  w as recorded a t the  speed  of seven and o ne-half feet 
per second .
it
5 . The te s t  sen ten ces / "carrier phrase" plus th e  te s t  word, 
were spaced  approxim ately four seconds apart on the ta p e .
6 . A monitor by means of a VU M eter observed the  in tensity  level 
of th e  la s t  word of th e  carrie r phrase in  an attem pt to  m aintain 
a constan t loudness le v e l.
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7 * The sound pressure lev e l of the observed word w as checked 
periodically  by the transm ission  of th e  taped  word through an  
A llison Laboratories Audiometer C alibrating U nit -  M odel 300- 
The b as ic  te s t  instrum ent used  for th e  adm inistration  of th e  speech  
reception  threshold  te s t  w as the  f ilte r  3 c ircu it of the  Speech Reception 
A nalyzer. This c ircu it provided a f la t response t  0 .5  db from 500 to  
3500 o p s . Throughout the te s t  the sub jec t w as sea ted  in  an  audiom etric 
te s t  booth .
The measurement of th e  speech  reception  th resho lds w as preceded
by th e  following instructions:
In th is  te s t  a man w ill te l l  you a word to  sa y . Each word 
w ill be a two sy llab le  word; a  compound w ord. Speak th e  word 
into the microphone. As the te s t  p ro g re sse s , th e  words w ill 
become more fa in t; w eaker. If you do not understand the  word, 
say  "I don 't know ." Are there any q u es tio n s?
The procedure adapted for the  spondee th resho ld  corresponded to  the
method described  by Newby (21).
After the  su b je c t's  speech  recep tion  th resho ld  w as determ ined,
the in ten sity  level of th is  th resho ld  w as m easured in  term s of sound
pressure re  0.0002 dynes/cm 2 . This m easurement w as achieved by th e
transm ission  of a taped  1000 cycle tone through the  te s t  instrum ent w hile
the  rece iver w as coupled to  a sound lev e l m eter.
A rticulation t e s t s . The Harvard PB-50 L is ts , m onosyllabic
phonetically  balanced w ords, were employed to  obtain  articu la tion
sc o re s . These word lis ts  w ith  the carrier p h rase , "You w ill s a y , " w ere
recorded on tape in  the  same manner as previously  described  for the
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recording o f speech  recep tion  threshold  t e s t s .
A different PB List w as presented to  the subjects through each  of 
th e  fifteen  filter c irc u its  of th e  Speech Reception Analyzer. The follow ­
ing  PB L is t-f ilte r  re la tio n sh ip  w as used  for a l l  sub jects: filte r 1,
PB L ist 5; f ilte r  2 , PB L ist 6; f ilte r 3, PB List 7% filter 4 , PB List 8; 
f i l te r  5 , PB List 9; filte r 6 , PB List 10; filte r  7,  PB List 11; filte r 8 ,
PB L ist 13; filter 9 ,  PB l i s t  14; filter 10, PB L ist 15; f ilte r  11, PB List 
16; f ilte r  12 , PB L ist 17; f ilte r  13, PB L ist 20; filter 14, PB List 19; and 
f il te r  15, PB List 18. The order of p resen ta tion  of the filtered  speech  to  
th e  su b je c ts  was v a r ie d . For twenty sub jec ts  the order w as filte rs  1 , 2 ,
3 , 4 , r e s t  (reel ch an g e), 5 , 6 , 7, 8, r e s t ,  9 , 10, 11, 12, 15, r e s t ,  14, 
1 3 . For another tw enty th e  order was f ilte rs  5 , 6, 7 , 8 , re s t , 1, 2 , 3,
4 , r e s t ,  9 ,  10, 11 , 12, -15-, r e s t ,  14, 13. For the remainder of th e  
su b je c ts  th e  order w as f ilte rs  14, 13, r e s t ,  9 , 10, 11, 12, 15, r e s t ,
1 , 2 ,  3 , 4 ,  re s t, 5 , 6, 7 , 8*
Before the a rticu la tio n  te s t  w as in itia ted , the te s t  instrum ent w as 
ad ju s ted  to  permit the transm ission  of sound approximately forty dec ibels 
above th e  su b je c t 's  speech  reception th resh o ld . This adjustm ent w as 
made in  th e  following manner:
1 . The in ten sity  le v e l of the t e s t  instrument w as kept constan t 
a t  the le v e l o f the su b jec t's  speech  reception threshold  w hile 
a  1000 cycle pure tone  signal w as transm itted  through th e  
system  •
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2 . The in tensity  lev e l of th e  signal w as m easured in  term s of 
sound p ressure by th e  u se  of an  A llison Laboratories 
Audiometer C alibrating  Unit -  M odel 300,
3 . The in ten sity  lev e l of th e  te s t  instrum ent w as increased  by 
approxim ately forty d e c ib e ls .
4 . The in tensity  lev e l of th e  te s t  instrum ent w as rechecked b e ­
fore the  earphone w as removed from th e  audiom eter calibrating 
u n it.
The 1000 cycle tone w as used a s  a referent in  th is  ca lib ration  to  con­
form w ith  standards of speech aud iom eters, The American Standard 
S pecifications for Speech Audiometers defines th e  sound pressure lev e l 
of the  speech signal in  terms of th e  sound p ressu re  lev e l of an equiva­
lent 1000 cycle pure to n e , (2)
The following in stru c tio n s w ere used  for the  a rticu la tion  te s ts :
A person w ill t e l l  you a  word to  s a y . This w ill be  a one .
sy llab le  word. Speak th e  word you hear into th is  m icrophone.
If  a t any tim e, for any rea so n , you w ish  to  stop the t e s t ,  ju s t
te l l  me to  stop . Are there any questions ?
The su b jec t's  responses to  the filte red  speech  w ere monitored by 
the  investiga to r by m eans of a sep ara te  amplifying system . All deviant 
responses w ere recorded in  phonetic tran scrip tio n  on prepared form s.
If the investiga to r fa iled  to  understand a  resp o n se , th e  tap e  w as stopped 
im m ediately, and the sub jec t w as  asked  to  rep ea t th e  resp o n se . If the 
sub ject did not respond to  the t e s t  w ord, an error w as recorded. The 




Pure tone th re sh o ld s . In Table I a  summary is  p resen ted  o f the 
pure tone th resho lds obtained for the sub jects used  in th is  study who 
h ad  conductive hearing lo s s e s .  The sub jects in  th is group ranged in 
ag e  from 32 to  54 years old w ith a mean age of 42.2 y e a rs . In Table II 
a  summary is  g iven  of pure tone thresholds obtained for sub jec ts  with 
mixed hearing lo s s e s .  An age range of 26 to  62 years w ith  a m ean age 
of 47 .1  is  shown for sub jec ts  w ith mixed deafness. In Table HI a  
summary is  p resen ted  of pure tone thresholds obtained for su b jec ts  with 
percep tive hearing lo s s e s .  The age range for subjects w ith  perceptive 
lo s s e s  varied  from 13 to  81 y ea rs . The mean age for th is  group w a s  4 6 .2  
y e a rs .
An exam ination of data shown in  Tables I ,  HI, and HI in d ica tes  a
r
considerab le  range in  th e  age of the sub jects used in th is  study and  in 
th e  amount of hearing lo s s .  The significance of these  findings l i e s  in 
th e  fact th a t the ages vary and compare favorable to ex p ecta tio n . 
S iegenthaler and Gunn (24) point out th a t the ages of conductive and  per­
cep tiv e  c a s e s  is  not strongly rela ted  to  amount of hearing lo ss for speech  
w hen a sam ple including many variations of lo ss is  considered . The m ean
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TABLE I
Pure Tone Thresholds O btained for Subjects w ith  Conductive Hearing L osses
Air Conduction Bone Conduction
Subject Thresholds a t Mean Air Thresholds a t
Iden tification   G iven Frequencies______ Conduction _________ G iven Frequencies
Number . Age • cn l .K 1.5K 2.K 3«K 4 fK Thresholds* *5K l.K 1.5K 2.K 3.K 4.K
7 52 70 70 70 55 45 50 66 15 15 15 20 25 20
8 43 55 55 50 45 40 45 51 5 5 10 10 5 5
13 36 40 40 40 35 35 40 39 0 0 0 0 15 25
15 50 55 50 55 55 50 40 54 20 20 20 20 30 20
23 33 45 50 35 35 35 30 41 10 15 5 10 15 10
26 32 35 45 30 30 50 30 35 15 10 10 10 25 5
32 34 65 55 50 40 55 40 53 15 5 20 10 30 5
35 ' 46 60 55 50 55 55 35 55 15 20 20 35 20 5
36 54 55 60 45 50 45 30 53 0 0 5 5 10 . 0
* l&ean Pure Tone Thresholds for 500^ 1000/ 1500/ and 2000 Frequencies
\
TABLE H
Pure Tone Thresholds O btained 'for Subjects w ith M ixed Hearing Losses
Air Conduction Bone Conduction
Subject Thresholds a t M ean Air Thresholds a t
Iden tification   G iven Frequencies_______ Conduction G iven Frequencies
mber Age -5K l.K 1.5K 2.K 3.K 4.K Thresholds* •5K 1*K 1.5K 2.K 3*K 4,K
6 26 60 70 60 60 50 30 63 30 35 40 40 45 15
14 50 65 60 60 NR NR NR 71 15 20 25 NR NR NR
18 40 60 65 60 60 65 70 61 10 10 25 15 25 35
29 45 55 45 45 50 55 55 49 15 10 30 35 35 40
30 44 80 85 75 65 65 75 76 35 35 45 30 35 35
33 31 90 95 95 90 80 80 93 45 45 50 60 NR NR
38 65 85 90 90 85 70 70 88 30 35 55 45 40 35
39 61 45 50 55 65 65 65 54 20 25 45 35 45 40
42 33 45 45 40 45 60 60 44 5 5 20 20 30 30
44 62 40 40 45 40 40 50 41 5 10 20 20 30 30
45 62 80 80 75 65 80 80 75 35 35 40 35 30 45
* M ean Pure Tone Thresholds for 500, 1000, 1500, and 2000 Frequencies
K>cn
TABLE m
Pure Tone Thresholds O btained for Subjects w ith  Perceptive Hearing Losses
Air Conduction Bone Conduction
Subject Thresholds a t  M ean Air Thresholds a t
Iden tification   G iven Frequencies______  Conduction G iven Frequencies
liber Age •5K l.K 1.5K 2.K 3,K 4 rK Thresholds* .5K l.K 1.5K 2.K 3.K 4«K
1 18 50 55 50 50 50 55 51 30 50 50
f
50 50 50
2 81 30 35 45 45 50 55 39 NR 35 45 45 50 55
3 71 65 70 70 75 75 75 70 NR NR NR NR NR NR
4 43 30 40 50 50 55 50 43 20 30 45 45 50 50
5 36 45 70 60 60 55 50 59 NR NR 60 50 50 50
9 17 40 65 70 70 65 70 61 25 45 55 55 55 55
10 13 10 45 55 60 65 65 43 10 40 45 50 55 NR
11 13 65 75 . 75 75 80 85 73 NR NR NR NR NR NR
12 71 20 30 40 50 60 65 35 20 30 40 50 60 NR
16 30 55 65 60 60 65 65 60 NR NR 60 60 NR NR
17 13 75 75 65 65 65 60 70 NR NR NR 1 NR NR NR
19 37 35 55 60 60 65 75 53 35 50 60 60 NR 25
COCT5
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Thresholds a t 
G iven Frequencies
• 5K l.K 1.5K 2.K 3.K 4.K .5K l.K 1.5K 2.K 3.K 4.K
20 32 40 40 45 45 45 30 43 35 30 45 45 45 NR
21 34 65 25 65 65 75 75 70 NR 45 50 50 NR NR
22 55 25 40 45 60 65 70 43 15 25 40 45 50 50
24 72 30 25 25 45 50 65 31 15 20 20 30 40 NR
25 66 30 60 60 65 70 70 54 30 NR NR NR 55 35
27 13 25 40 40 30 30 35 34 25 35 30 30 30 40
28 62 45 50 50 50 50 50 49 35 45 50 50 50 NR
31 49 65 70 80 80 80 80 74 35 NR NR NR NR NR
34 66 30 40 50 55 85 90 44 30 40 50 55 NR NR
37 59 35 45 . 65 75 85 80 55 25 45 NR NR NR NR
40 54 20 65 65 65 95 95 54 15 NR NR NR NR NR
41 66 35 50 50 50 75 85 46 20 45 45 45 NR NR
43 . 80 30 50 50 55 50 50 46 30 40 50 45 50 50
* M ean Pure Tone Thresholds for 500, 1000, 1500, and 2000 Frequencies
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ages of the sub jects compare favorably w ith  D avis and Silverm an's (10) 
report on ages of persons who need a id s .
Speech reception  th re sh o ld s . The mean and median speech re ­
ception  thresholds obtained  for sub jec ts  w ith conductive, mixed, and 
perceptive hearing lo s s e s  is  shown in  Table IV. The data ind ica tes 
a mean speech recep tion  th resh o ld  of 79 .9  and a median of 78 for sub jects 
w ith  conductive lo s s e s ,  a mean of 9 2 .2  and a median of 95 for mixed 
lo s s  su b jec ts , and a  mean of 8 7 .6  and a median of 88 for sub jec ts  w ith 
perceptive type lo s s e s .
TABLE IV
Mean and M edian Speech R eceiption Thresholds Obtained for Subjects 
W ith Conductive, M ixed and Perceptive Hearing L o sses1
Tvoe of Loss M ean Threshold S .D . M edian Threshold
Conductive 79 .9 5.007 78
M ixed 92 .2 11,93 95
Perceptive 8 7 .6 10.01 88
Pearson Product-m oment correla tion  coeffic ien ts were calculated  
betw een pure tone and speech  recep tion  thresholds obtained for sub jects 
c la sse d  a s  having conductive , m ixed, and perceptive hearing lo s s e s .
1A11 threshold  m easurem ents in  Table IV are in  dec ibels re 0.0002 
d ynes/cm ^.
The resu lts  are shown In Table V, As suggested  by Carhart (5), Jerger 
(16), G halklin (6), and others only pure tones from 500 to  2000 cps were 
considered in  th is  correla tion . M ean pure tone th resholds were derived 
for the te s t  frequencies 500, 1000, 1500, and 2000 o p s . The mean 
speech recep tion  thresholds were based  on sound pressure m easure­
ments re 0,0002 dynes/cm ^ ad justed  to  audiom etric zero equals 33 db 
sound p ressure  le v e l. This particu lar ratio  w as c ited  by Jerger (16) 
for unsoph isticated  lis ten e rs  te s te d  by words taken  from C .I ,D .  W -2 
t e s t ,  L ists E and F . Since the sub jects of th is  study were not perm itted 
an  opportunity to  become acquainted w ith te s t  m ateria ls , the degree of 
soph is tica tion  of sub jects is  comparable to  Jerger1 s su b jec ts .
Table V ind ica tes a marked rela tionsh ip  betw een the  speech 
reception  thresholds and the mean pure tone th resholds of a ll sub jec ts  
w hile a  very dependable rela tionsh ip  is  suggested  betw een th e  speech 
reception  th resholds and the mean pure tone thresholds of the perceptive 
and mixed lo ss  groups. I t is  a lso  suggested  in Table V th a t no sign i­
fican t difference betw een the means of the two thresholds ex isted  at 
the  1% or 5% level of confidence. The formula used  to  compute 
th e  sign ifican t differences betw een the threshold  means employed N - l  
degrees of freedom, and the  formula used  to  compute the significance - 
of correlation coeffic ien ts employed N -2 degrees of freedom.
TABLE V ^
A C orrelation Between Pure Tone T hresholds' and Speech Reception Thresholds Obtained for Subjects 
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Conductive Mean 49*7 46.9 2 .8 .405 r  .62
N 3- 9 S .D . 8 .89 4 .8
Mixed M ean 64.9 59 .2 5 .7 .225 r  .98*
N = 11 S .D . 16.6 11.93
Perceptive M ean 52 .0 54 .6 2 .6 .427 r .97*
N = 25 S .D . 11.87 10.01
All M ean 54 .6 53 .8 0 .8 5 .92 r  .88*
U  = 45 S .D , 12.31 9.19 \
*  S ignificant a t th e  1% le v e l
ARTICUIATION TESTS
Raw articu la tion  sc o re s . Tables VI, VII# and VIII l i s t  articu lation  
scores obtained for sub jec ts  under the fifteen  conditions of se lec tiv e  
am plification . The following features may be noted in the  data shown 
in  th e se  tab les!
1 . In general the  sub jec ts  w ith conductive lo sse s  achieved the  
h ighest articu la tion  sco re s , the sub jects w ith mixed lo s se s  
atta ined  somewhat low er sc o re s , and the sub jects w ith  per­
ceptive lo s se s  ranked lo w est.
2 . The range and sca tte r  of scores ind icates tha t th e  sample of 
sub jects used  in  th is  study contains an  adequate rep resen ta­
tion  of th e  hard of hearing population.
3 . The greater variety  of articu la tion  scores is  found among 
sub jects w ith perceptive hearing lo s s e s .
Examination of the data in  Table VI shows th a t each sub ject w ith a 
conductive hearing lo ss  a tta ined  perfect audition, articu lation  score of 
100, under a t le a s t one condition of se lec tive  am plification, and th a t, 
w ith  one exception , a ll sub jects in  th is  group attained  th is  score by 
severa l conditions of am plification.
The data in  Table VII revea ls  th a t few of the sub jects w ith mixed 
hearing lo s s e s  a tta ined  an  articu lation  score of 100. Only one ind iv i­
dual, sub ject 44, achieved a perfect score under two conditions of 
se lec tiv e  am plification . I t may be observed th a t the two response
TABUS VI
A rticulation Scores O btained for the  Subjects w ith  Conductive Hearing Losses under F ifteen Conditions




Conditions of S elective AmDlification
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
7 94 98 92 96 96 94 . 98 100 86 94 90 92 84 92 92
8 100 98 94 98 .92 94 88 100 94 90 94 94 100 98 94
13 100 100 100 98 100 92 94 94 94 98 100 100 98 94 100
15 92 96 100 100 94 90 90 98 100 100 94 100 98 100 90
23 100 100 100 100 92 100 96 88 90 94 96 98 94 100 86
26 100 98 98 100 98 100 96 100 96 96 98 100 96 100 98
32 96 100 100 100 94 96 100 94 92 92 100 100 98 92 90 ,■
35 96 100 98 98 96 94 100 94 100 94 100 98 98 98 100




A rticulation Scores Obtained for the  Subjects w ith  M ixed Hearing Losses under F ifteen Conditions of




C onditions of S elective  Amplification
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
6 96 98 96 100 96 92 90 98 96 94 85 96 '98 98 94
14 74 74 84 90 80 94 90 92 72 80 90 84 72 86 70
18 84 88 92 96 98 92 92 96 94 90 96 90 80 88 88
29 92 96 98 94 96 96 98 98 100 96 96 98 94 94 92
30 58 80 84 94 84 88 88 64 88 88 82 82 58 82 84
33 36 40 62 52 42 58 46 38 32 38 54 48 40 48 40
38 58 .94 96 94 94 92 98 60 84 90 90 94 50 90 84
39 86 94 96 92 90 90 92 86 98 90 88 92 80 84 82
42 90 98 100 98 92 94 92 90 88 82 92 96 88 82 74
44 98 92 94 94 100. 100 98 90 92 92 92 92 84 92 82




A rticulation Scores O btained for th e  Subjects w ith  Perceptive Hearing Losses under F ifteen  Conditions




Conditions of S elective Amplification
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 56 58 52 54 54 62 60 50 50 54 70 58 52 56 56
2 82 76 74 74 86 82 86 74 84 80 90 92 82 86 78
3 60 76 72 72 68 74 72 74 72 62 58 64 68 64 64
4 78 82 90 86 92 92 94 78 82 82 88 94 82 84 80
5 60 66 74 64 50 c 42 64 68 64 66 52 50 48 38 42
9 48 50 56 58 70 52 64 72 70 66 58 62 56 58 46
10 86 76 76 82 80 88 88 82 64 68 88 86 62 74 78
11 62 64 62 66 78 64 72 60 52. 58 62 68 70 58 60
12 78 72 72 80 84 90 90 , 62 70 76 74 86 64 74 70
16 56 72 72 72 58 64 52 64 52 56 64 50 78 48 54
17 44 60 6 Of 64 64 58 54 80 76 66 56 66 64 74 66
19 54 56 62 66 66 66 60 72 62 60 40 28 64 68 50
20 86 96 94 98 96 94 98 90 86 90 98 100 96 90 92
21 16 40 52 54 68 48 48 20 50 62 64 78 58 50 44
22 84 94 86 92 96 . ?4 94 94 86 88 92 90 88 92 74
24 86 80 82 74 84 94 84 74 74 78 82 88 68 84 74
25 70 72 74 78 82 80 64 72 68 82 88 62 76 76 54
27 94 92 92 90 96 92 98 90 92 96 92 100 100 88 90
28 80 78 78 80 70 76 78 80 70 70 68 60 62 76 62
31 68 80 80 76 84 86 80 74 72 82 88 88 66 78 82
34 62 62 52 50 74 80 76 60 52 66 80 80 66 74 60
37 50 44 44 42 58 52 60 50 48 50 50 62 44 60 46
40 56 58 54 66 64 52 50 54 44 58 58 64 44 68 54
41 74 70 76 70 78 ‘ 76 88 80 72 76 86 86 80 66 66
43 80 78 78 84 82 86 86 72 82 80 84 92 74 68 68
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curves w hich y ie lded  a  perfect articu lation  score were curves 5 and 6 . 
The .acoustical ch a rac te ris tic s  of th ese  curves are very similar* Curve 
5 has a  6 db per octave rising  slope from 500 to  2500 cps; curve 6 has 
a  6 db per octave rising  slope from 500 to  3000 c p s .
In Table VIII is  given the  articu lation  scores obtained for sub jec ts  
w ith perceptive hearing lo sse s  under the fifteen  conditions of se lec tiv e  
am plification . Only two of the  tw enty-five subjects in  th is  group a t ­
ta ined  perfect articu la tion  sc o re s . These two su b jec ts , sub jects 20 
and 27, according to  P au l’s (22) c la ss ific a tio n , have moderate and mild 
lo s se s  re sp ec tiv e ly .
A further exam ination of Table VUI reveals tha t sub jec ts  4 , 10,
12, 28, 31, and 34 attained  th e ir h ighest a rticu la tio n \sco res  a s  follow s:
1 . Subject 4 scored h ighest by curves 7 and 12.
2 . Subject 10 scored h ighest by curves 6 , 7 ,  and 11.
3 . Subject 12 scored h ighest by curves 6 and 7 .
4 . Subject 28 scored h ighest by curves 1 , 4 ,  and 8 .
5 . Subject 31 scored h ighest by curves 11 and 12.
6 . Subject 34 scored h ighest by curves 6, 11, and 12.
A com parison of frequency response curves 1, 4 , and 8 is  shown in  
Figure 3 , and a com parison of curves 6, 7 , 11, and 12 is  shown in 
Figure 4 .
Ranked family frequency response curve. A ranked com parison of 
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Figure 3 . A comparison of response curves 1 , 2 , 3 , 4 , and 8.
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Figure 4 . A comparison of response curves 5 , 6 # 7V 11 , and 12,
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Figure 6 . A com parison of response curves 13, 14 and 15.
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and perceptive hearing lo sse s  under fifteen  conditions of se lec tiv e  
am plification is  shown in  Table IX. An exam ination of th is  tab le  
ind ica tes tha t th e  mean articu lation  scores for su b jec ts  w ith  conduc­
tiv e  deafness vary from 98 .8  to 94 / a spread  of only  4 .8  p o in ts . Be­
cau se  of th is  narrow articulation score range and th e  com paratively 
lim ited number of sub jects used in  th is  study  any an a ly s is  in  differences 
in  articu lation  scores in  terms of frequency curve responses must be 
lim ited . However i t  may be noted th a t th e  h ig h est scores for conductive 
lo s s  sub jects w ere made w ith curves 2 , 4 /  and 3 . These curves are 
re la tive ly  f la t .  Curve 2 is  flat + 1 db from 500 to  3000 ops? curve 3 
is  fla t from 500 to  3500 cps; and curve 4 i s  a 3 db per octave descending 
slope from 500 to  4000 c p s . Further exam ination of the rank order of the 
family frequency resp o n se  curves for conductive lo s s  su b jec ts  y ie lds 
evidence of curve s im ila rities . The seven  h ig h est ranking curves are 
b as ica lly  fla t/ or curves w ith em phasis on the  frequencies w ith in  the 
2000 to  3000 cycle range. Specifically / curve 1 i s  fla t from 700 to  2500 
cps; curves 12, 14/ and 11 accentuate frequencies in  th e  2000 to  3000 
cps band . In co n trast/ a l l  of the family curves in  the low er h a lf  of th e  
rank order are peaked curves with th e  h ig h est peak  below 2000 cpS/ or 
curves w ith gradually rising  s lo p e s . The rank order for family curves 
w hich y ie ld  th e  h ighest articu lation  sco res for su b jec ts  w ith mixed 
lo s s e s  is  sim ilar to  the  order found for p a tien ts  w ith  conductive lo s s e s .
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TABLE DC
Ranked Com parison of M ean A rticulation Scores O btained by Subjects 
w ith  C onductive, M ixed, and Perceptive Hearing Losses under F ifteen
Conditions of S elective Amplification
Conductive Mixed_____  •• i; Perceptive
ank Family M ean Family M ean Family Mean
rder Curve Score Curve Score Curve Score
1 2 98,8 4 90 .7 12 75.2
2 4 98 .7 3 89 .4 5 75.1
3 3 97.7 6 89 .2 7 75 .0
4 12 97.7 7 88 .2 6 73.8
5 14 " 96 .9 5 86.9 11 72.9
6 1 96 .9 12 86 .5 4 71.7
7 11 96 .4 11 8 6 .0 3 70 .6
8 7 95 .8 2 84 .7 10 70.3
9 5 95.5 14 8 4 .4 14 70.1
10 13 95.5 9 84 .3 2 69.8
11 6 95 .1 10 84 .2 8 69.5
12 8 95 .1 8 78.7 9 67.9
13 10 95 .1 15 75.8 13 67.9
14 15 9 4 .4 . 1 75.1 1 66.8
15 9 9 4 .0 13 73 .1 15 6 4 .4
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G enerally , the  h ighest responses w ere obtained through the use  of 
sim ilar cu rves . Curve 2 ranks much low er for th e  mixed group than  
for the conductive group. This may be accounted for by the fact tha t 
curve 2 has a 3000 cps cut o ff. I t appears th a t am plification in  the  
upper frequency range is  needed for th e  mixed deafness group and th a t 
a  fla t response curve w ith 3000 cps cu t off does not supply adequate 
energy for th a t a rea . All of th e  family frequency response curves w hich 
are peiaked below 2000 cps y ie ld  sm aller a rticu la tion  scores than  the 
f la t and rising  cu rv es.
D ata in  Table IX rela tive  to  the  articu la tion  scores obtained by 
patien ts w ith perceptive lo s s e s  show h ig h est mean articu la tion  scores 
for curves which have rising  s lo p e s . In co n tra s t, th e  curves in  th e  
lower division of rank order have ch a rac te ris tic s  w hich p lace le s s  
em phasis on the  2000 to  3000 cycle frequency band .
In general the  findings in  Table IX may be summarized as 
follows I
1 . The family frequency response curves w ith rising  slopes and 
fla t response curves w ith extended ranges (extended beyond 
3000 ops) seem to  y ie ld  the  h ig h est mean articu la tion  scores
; for sub jects w ith conductive lo s s e s .
2 . The frequency response curves w ith  rising  slopes appear to  
y ie ld  h ighest mean articu la tion  sco res for sub jec ts  w ith 
perceptive lo s s e s .
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3 . The fla t frequency response curves w hich extend to  4000 ops, 
or frequency response  curves w hich em phasize the  high 
frequency sounds seem  to  y ie ld  h ighest mean articu lation  
scores for sub jec ts  w ith  mixed d ea fn e ss .
H ighest articu la tion  s c o re s . In Table X i s  shown a comparison 
of h ighest articu la tion  sco res obtained for sub jec ts  w ith  conductive, 
mixed, and perceptive hearing lo s s e s .  L isted in  th is  d istribution  is  
the h ighest articu la tion  score made by each  subj e c t along w ith the 
number of curves by w hich th e  h ighest score w as obtained; the number 
of a rticu la tion  scores w ith in  six  points of h ighest score; and , the 
number of lower s c o re s .
An exam ination of th is  tab le  rev ea ls  gross d ifferences betw een 
the data obtained for sub jec ts  w ith  conductive lo ss  and other su b jec ts . 
S ix ty -seven  percent of th e  conductive lo s s  sub jec ts  made perfect 
articu la tion  scores under s ix  or more conditions of se lec tiv e  ampli­
fica tio n . In  co n tra s t, seven ty-tw o  percen t of perceptive deafness 
sub jects and n inety-one percent of mixed deafness sub jec ts  made 




Com parison of H ighest A rticulation Scores O btained for Subjects w ith
Conductive/ M ixed and Perceptive Hearing L osses
Subject H ighest Number of A rticulation
Id e n ti-  Type of A rticulation Scores w ith in  S ix  Points Number 
fica tlon  Hearing Score of H ighest Score of Lower
Number Loss______ A.S. N. A.S. N. A«S» N. A.S. NS Scores
7 Conductive 100 - 1 98 2 96 - 2 94 - 3 7
8 Conductive 100 - 3 98 - 3 96 - - 94 - 6 3
13 Conductive 100 - 7 98 - 3 96 - - 94 - 4 1
15 Conductive 100 - 6 98 mm 2 96 - 1 94 - 2 4
23 Conductive 100 - 6 98 tm 1 96 ia 2 94 - 2 4
26 Conductive 100 - 6 98 - 5 96 - 4 94 - - 0
32 Conductive 100 6 98 - 1 96 - 2 94 - 2 4
35 Conductive 100 - 6 98 - 5 96 pm 2 94 - 2 0
36 Conductive 100 - 3 98 mm 4 96 - 4 94 - 3 1
6 M ixed 100 - 1 98 - 4 96 - 5 94 - 2 3
14 Mixed 94 - 1 92 - 1 90 - 3 88 - - 10
18 Mixed 98 - 1 96 - 3 94 - 1 92 3 7
29 M ixed 100 - 1 98 - 3 96 - 5 94 - 3 3
30 Mixed 94 - 1 92 - - 90 - - 88 - 4 10
33 M ixed 62 - 1 60 - - 58 - 1 56 - tm 13
38 M ixed 98 mm 1 96 - 1 94 4 92 - 1 8
39 M ixed 98 - 1 96 ** 1 94 - 1 92 - 2 10
42 Mixed 100 - 1 98 - 2 96 pm 1 94 mm 1 10
44 M ixed 100 - 98 - 2 96 - •m 94 - 2 9
45 M ixed 94 - 1 92 - - 90 - - 88 - *■* 14
1 Perceptive 70 - 1 68 - - 66 - — 64 - 1 13
2 Perceptive 92 - 1 90 - 1 88 pm - 86 3 10
3 Perceptive 76 - 1 74 - 2 72 mm 4 70 - - 8
4 Perceptive 94 - 92 - 2 90 - 1 88 - 1 10
5 Perceptive 74 - 1 72 - pm 70 - — 68 pm 1 13
9 Perceptive 72 - 1 70 - 2 68 - - 66 - 1 11
10 Perceptive 88 - 86 mm 2 84 - — 82 - 2 8
11 Perceptive 78 rnm 1 76 mm - 74 - mm 72 1 13
12 Perceptive 90 - 88 - - 86 mm 1 84 - 1 12
16 Perceptive 78 - 1 76 - - 74 - - 72 - 3 11
17 Perceptive 80 - 1 78 - - 76 mm 1 74 - 1 12




Id en ti-  Type o f A rticulation 
fication  Hearing Score
Number Loss A«S» N .
Number of A rticulation 
Scores w ithin Six Points Number
 of H ighest Score of Lower
A.S. N . A.S. N. A«S. N. Scores
20 Perceptive 100 - 1 98 - 3 96 - 3 94 - 2 6
21 P erceptive 78 - 1 76 - - 74 9m - 72 - rnm 14
22 Perceptive 96 - 1 94 - 4 92 - 3 90 - I 6
24 Perceptive 94 1 92 - - 90 - 88 - 1 13
25 Perceptive 88 - 1 86 - - 84 - - 82 - 2 12
27 Perceptive 100 •m2 98 - 1 96 2 94 - 1 9
28 Perceptive 80 m 3 78 mm. 3 76 mm 2 74 - - 7
31 Perceptive 88 - 2 86 - 1 84 - 1 82 «■*2 9
34 Perceptive 80 - 3 78 mrn - 76 - - 74 •>*2 10
37 Perceptive 62 - 1 60 9m 2 58 - 1 56 - - 11
40 Perceptive 68 - 1 66 mm 1 64 - 2 62 - - 11
41 Perceptive 88 - 1 86 - 2 84 - mm 82 - 12
43 Perceptive 92 - 1 . 90 - - 88 - - 86 - 2 12
A.S * -  A rticulation Score
N . -  Number of Curves by w hich A rticulation Score w as obtained*
i
CHAPTER IV
SUMMARY AND CONCLUSION 
SUMMARY
This study w as designed  to  evaluate a  new procedure for hearing 
aid p rescrip tion . A prelim inary investiga tion  of th e  aco u stica l charac­
te r is tic  of three hundred hearing aid  se ttin g s revea led  th a t th e ir  
response ch arac te ris tics  could be adequately  described  through fifteen
general types of cu rv es .
«
A Speech Reception Analyzer containing fifteen  filte r c ircu its  w as 
constructed . The f ilte r  circuitry  of th is  instrum ent w as designed to  
permit se lec tive  transm ission  of sound according to  th e  fifteen  genera l 
types of cu rv es .
Forty-five sub jec ts  w ith  hearing lo s s e s  sufficien tly  severe to  
w arrant the use of a hearing a id  were se lec ted  from referra ls made by 
o to log ists and hearing aid sa lesm en . Pure tone a ir  and bone conduc­
tion  thresholds w ere obtained for each sub jec t by conventional audio­
metric procedures, and each sub jec t w as c la s s e d  a s  having a conductive, 
mixed, or perceptive type hearing lo ss*  Speech reception  th resholds 
were a s se sse d  for each  sub jec t by u se  of a  fla t frequency response 
curve of th e  Speech Reception A nalyzer. T est w ords employed in  th is  




T est W -2 , l i s t  E . Upon com pletion of threshold  t e s t s , th e  Harvard 
PB-50 L is ts , m onosyllabic phonetically  balanced  w ords, w ere em­
ployed to  obtain articu la tion  scores for each su b jec t. Fifteen of th ese  
te s ts  w ere u sed , one te s t  under each of th e  fifteen conditions of se le c ­
tiv e  am plification. An audiom etric anechoic te s t  booth w as u tilized  
throughout the  te s t  procedure.
Com parisons w ere made of data a tta ined  through th e  te s t  pro­
cedures to  enable evaluation  of th e  u tility  of the Speech Reception 
Analyzer a s  a c lin ica l instrum ent for hearing aid p rescrip tion .
CONCLUSIONS
The general conclusion  of th is  study is  th a t a  Speech Reception 
Analyzer is  usefu l for th e  p rescrip tion  of hearing a id s . The employment 
of a device such as  w as-used  in  th is  study seem s particularly  warranted 
for th e  fitting of p a tien ts  w ith mixed of perceptive hearing lo sse s  *
This conclusion is  based  on the  findings th a t: 1) seventy*-two percent 
of th e  sub jects w ith  perceptive lo s se s  made the ir h ighest score under 
only one of the conditions of se lec tiv e  amplification? and , 2) w ith  one 
exception , a ll  of the  mixed deafness c a se s  (91%) obtained their 
h ighest articu la tion  score under only one of the  conditions of se le c ­
tiv e  am plification . It i s  to  be noted, in  com parison, th a t sub jects 
w ith  conduction lo s s e s  obtained re la tive ly  high articu lation  scores on 
a ll o f the fifteen conditions of am plification . This finding is  in  agree­
ment w ith comments expressed  by Carhart (4) and M iller (19) in  regard
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to  the re la tive  ease  of fitting a ids for pa tien ts  w ith conductive d ea fn ess .
It should be n o ted , th a t additional advantages are  to be found in  
fitting a l l  hard of hearing p a tie n ts , including conductive deafened sub­
je c ts ,  through the u se  of the Speech Reception A nalyzer. Some of th e se  
advantages are a s  follow s:
1. Both the  p a tien t 's  sub jective judgment of hearing a id s  and 
the hearing aid co n su ltan t's  in terpretation  of the  audiogram 
are elim inated as potentially  unreliab le facto rs in  hearing 
aid  evaluation .
2 . An audio logist is  enabled to  recommend a number of aids 
w hich provide equivalent a id  for th e  p a tien t. This leaves 
the patien t free to  make a fina l se lec tio n  of a  hearing aid  
on the  b a s is  of appearance, durab ility , ava ilab le  repair 
se rv ic es , and other features deemed sig n ifican t.
3 . Hearing aid  evaluations may be made w ithout a  stock p ile  of 
hearing a id s , hearing aid  a c c e sso r ie s , d ifferent types of 
b a tte r ie s , and battery  te s t  equipm ent.
4 . Hearing a id  evaluation is  b ased  on a  consideration  of 
responses to  a ll frequencies w ith in  the speech  range rather 
than  the  p a tie n t 's  ab ility  to  hear a few se lec ted  frequencies.
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In th* fo l lo w in g  s c h e m a t ic  d i a g r a m s  ct/l tubes are t y p e  
6A/7> a/l the resistors are marked i n  ohms} oil t h e  
capacitors are marked in m icrofarads , a n d  a il 
the inductors are marked in millihenries .
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Figure 12* Schem atic Diagram and Response Curve for F ilter 6*
57
t o o k01
oas
•04s,fl#
v  c c y t u . e s  p e p  s e c o n d
— -----









z o o o  q p s .
CUTOFF / i r  
3 0 0 0  G P S .
Figure 13. Schem atic Diagram and Response Curve for F ilter 7 *
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Figure 16* Schem atic Diagram and Response Curve for F ilte r 10
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Figure 2 1 , Schem atic Diagram and Response Curve for F ilter 15,
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